Parasitic protozoal infections are of increasing importance, not only in developing nations where they are endemic, but also to industrialized countries due to world travel. Over 18 million people in tropical and subtropical America are afflicted by American trypanosomiasis or Chagas disease, caused by Trypanosoma cruzi [1] . There is a pressing need for new anti-trypanosomals. An effective treatment for Chagas Disease has not been found. Both nifurtimox and benznidazole have been used in treatment of the acute phase of the disease; however they suffer from severe side effects and require prolonged use [2, 3] . There are currently no vaccines available for treatment of trypanosomiasis [4] , and there is little optimism for development of vaccines for these parasitic infections in the near future [5, 6] . Proteases play critical functions in the metabolism, replication, survival, and pathology of parasitic protozoa. Cysteine proteases of the papain family have been found in most parasitic protozoans, including T. cruzi [7] . The cysteine protease cruzain (from T. cruzi) has been suggested to be a valid biomolecular target for antiparasitic drug discovery [8] . For thousands of years, plant products and their modified derivatives have been rich sources for clinically useful drugs, and higher plants are a promising source of new antiparasitic compounds [9] .
Essential oils from a number of plant species, including Allium sativum, Melissa officinalis, Origanum vulgare, Thymus vulgaris, Cinnamomum zeylanicum, Melaleuca alternifolia, Citrus limon, [10] , Lippia multiflora [11] , Croton cajucara [12] , Lavandula angustifolia, and Lavandula × intermedia [13] have shown promising antiparasitic activity. In this work, we describe the chemical composition and cruzain inhibitory activity of Croton draco bark essential oil. C. draco is used in traditional herbal medicine for cough, flu, diarrhea, dysentery, and stomach ulcers; and topically as a wound healing agent for cuts, open sores, pimples, herpes infections, and as a germicide after tooth extraction and for oral sores [14] [15] [16] . Previous phytochemical investigations of C. draco have yielded clerodanes, sterols, norterpenoids [17, 18] , aromatics, coumarins, diterpenoids, alkaloids [14] , and cyclic peptides [19] . To our knowledge, the essential oil of C. draco has not been examined phytochemically nor pharmacologically.
Croton draco Cham. & Schldl. (sangre de drago) is a tree, 5-20 m tall, to 35 cm diameter at breast height; latex scarlet in bark, translucent yellow in twigs and petiole; stipules 2-5 mm, linear; leaves simple, alternate with dense stellate and scurfy hairs above and below, petioles 4-10 cm long, 2-12 stalked nectar glands at apex and on base of midvein, blades 7-20 cm long x 4-10 cm wide on reproductive twigs, but can be much larger on saplings and shaded twigs, ovate, apex gradually long acuminate, base cordate, margin entire to finely serrate, weakly 3-veined with 4-10 lateral veins per side; inflorescence 5-30 cm long, with only male flowers or with female flowers at base and apical male flowers; male flowers 3-6 mm wide, 5 calyx lobes, 2-3 mm long, petals 2 x 0.5 mm, stamens 13-20; female flowers with 5 calyx lobes, 2-3 mm long, petals 1-2 mm long; fruit 6-8 mm long, covered with dense stellate hairs, calyx lobes persistent and enlarging slightly. C. draco ranges from Mexico to Colombia. In Costa Rica the elevational range is 100-2500 m on both slopes. Voucher: Haber 10002.
The chemical composition of Croton draco bark essential oil is presented in Table 1 . Croton draco bark oil is dominated by sesquiterpene hydrocarbons and oxygenated sesquiterpenoids (44% and 33%, respectively), with lesser amounts of monoterpene hydrocarbons (14%) and oxygenated monoterpenoids (8%). The most abundant components were β-caryophyllene (31.9%), caryophyllene oxide (22.0%), 1,8-cineole (6.2%), and α-humulene (5.6%). Both β-caryophyllene and caryophyllene oxide are abundant constituents of C. ovalifolius [20] , C. sellowii [21] , and C. zambesicus [22, 23] leaf essential oils, as well as C. zambesicus bark essential oil [22] and the essential oils from the aerial parts of C. decaryi, C. geayi, and C. sakamaliensis [24] . 1,8-Cineole is relatively abundant in C. niveus, Croton new species "monteverdensis", [25] , and C. sakamaliensis [24] , bark essential oils as well as C. nepetaefolius leaf essential oil [26] , and C. geayi aerial parts essential oil [24] . α-Humulene is abundant in C. decaryi leaf oil [24] .
The cruzain inhibitory activities of Croton draco, Croton new species "monteverdensis", ined., and C. niveus bark essential oils, along with C. draco crude CH 2 Cl 2 /MeOH bark extract, as well as a number of essential oil components are summarized in [25] .
The leaf essential oil of C. cajucara has shown potent leishmanicidal activity, attributed to a high concentration of linalool [12] , but linalool does not inhibit cruzain and is only a minor component of C. draco. C. sellowii [21] and C. zambesicus [23] , both rich in β-caryophyllene and carophyllene oxide, are used in tradition herbal medicine to treat malaria [23] . Cinnamomum camphora, rich in 1,8-cineole, is known for its antiparasitic properties [27] .
The in-vitro cytotoxicity screening of Croton draco bark essential oil against eleven human tumor cell lines, representing colon cancer, breast cancer, ovarian cancer, and melanoma ( Table 3) , shows that C. draco bark essential oil is virtually non-toxic to human tumor cells. This is an important result in terms of a therapeutic index. That is, the essential oil may be toxic to Trypanosoma cruzi yet non-toxic to human cells and show selective killing of the parasite.
Experimental

Plant material:
The bark of C. draco was collected from a mature tree in the San Luis Reserve of the Monteverde region in northwestern Costa Rica (10 o 15.8´ N, 84 o 49.9´ W, 741 m elevation). The bark (114.3 g) was chopped and hydrodistilled employing a simultaneous distillation-extraction technique with a Likens-Nickerson apparatus [28] using CHCl 3 to continuously extract the distillate to give 105.7 mg essential oil. A separate sample of airdried C. draco bark (139.8 g) was extracted using a 1:1 mixture of CH 2 Cl 2 /MeOH at ambient temperature for 48 h. The solvent was evaporated in vacuo to give 9.2 g crude bark extract.
Gas chromatographic-mass spectral analysis:
The bark essential oil of C. draco was subjected to gas chromatographic-mass spectral analysis using an Agilent 6890 GC with Agilent 5973 mass selective detector, fused silica capillary column (HP-5ms, 30 m x 0.25 mm), helium carrier gas, 1.0 mL/min flow rate; inj temp 200 o C, oven temp prog: 40 o C initial temperature, hold for 10 min; increased at 3 o /min to 200 o C; increased 2 o /min to 220 o C, and interface temp 280 o C; EIMS, electron energy, 70 eV. The sample was dissolved in CHCl 3 to give a 1% w/v solution; 1-μL injections using a splitless injection technique were used. Identification of oil components was achieved based on their retention indices (determined with reference to a homologous series of normal alkanes), and by comparison of their mass spectral fragmentation patterns with those reported in the literature [29] and stored on the MS library [NIST database (G1036A, revision D.01.00)/ChemStation data system (G1701CA, version C.00.01.08)]. The chemical composition of C. draco bark essential oil is summarized in Table 1 .
Cruzain inhibition assay:
The activities of Croton bark essential oils and essential oil components against recombinant cruzain [30] were measured by a fluorescence assay using Z-Phe-Arg-AMC·HCl as the fluorescent enzyme substrate. The cruzain solution (4 nM) was prepared with 20 μL of cruzain per liter of 100 mM sodium acetate buffer with 5 mM DTT and a pH of 5.5. The substrate solution (40 μM) was prepared with 26 mg Z-Phe-Arg-AMC·HCl first dissolved in DMSO per liter of 100mM sodium acetate buffer with 5 mM DTT and a pH of 5.5. The essential oils and components were prepared as 1% solutions in DMSO. For each well of a 96 well plate sample solution to be tested and 100 μL of this mixture pipetted into each well. Each sample was tested in quadruplicate with DMSO negative controls and TLCK (N-tosyl-L-lysine-chloromethylketone) positive controls. After approximately 10 minutes incubation at room temperature, 100 μL of the substrate solution was pipetted into each well (the final sample concentration was 500 μg/mL). The plate was then immediately read using a SpectraMax M2 fluorescence plate reader. After an initial mixing period of 5 seconds the fluorescence was measured 9 times over a period of 5 minutes with an excitation wavelength of 355 nm and an emission wavelength of 460 nm. The slope given by the change in fluorescence was then exported into an Excel spreadsheet for the calculations of percent inhibition and standard deviation. Samples that showed >50% inhibition at 500 μg/mL were retested at 50 μg/mL and 5 μg/mL. IC 50 Values were determined using the Reed-Muench method [31] . The cruzain inhibitory activities of the Croton bark oils and components are summarized in Table 2 .
Cytotoxicity assay: Each of the human tumor cell lines was grown in 5% CO 2 environment at 37°C in RPMI 1640 medium with L-glutamine and NaHCO 3 , supplemented with 10% fetal bovine serum, 100,000 units penicillin and 10.0 mg streptomycin per liter of medium, pH 7.3. Cells were plated into 96-well cell culture plates at 2.5 x 10 4 cells per well. The volume in each well was 100 μL. After 48 h, supernatant fluid was removed by suction and replaced with 100 μL growth medium containing 1.0 μL of DMSO solution of extracts or compounds (1% w/w in DMSO), giving a final concentration of 100 μg/mL for each extract or compound. Solutions were added to wells in four replicates. Medium controls and DMSO controls (10 μL DMSO/mL) were used. Tingenone (100 μg/mL) was used as a positive control [32] . After the addition of compounds, plates were incubated for 48 hr at 37°C in 5% CO 2 ; medium was then removed by suction, and 100 μL of fresh medium was added to each well. In order to establish percent kill rates, the MTT assay for cell viability was carried out [33] . After colorimetric readings were recorded (using a Molecular Devices SpectraMAX Plus microplate reader, 570 nm), average absorbances, standard deviations, and percent kill ratios (%kill oil /%kill DMSO ) were calculated. Cytotoxic activity of Croton draco bark essential oil against our panel of human tumor cell lines is summarized in Table 3 .
